
What is the diVerence between controlling for
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It is routine to control for “average” income
when assessing the independent eVect of
income inequality on health, but authors have
used diVerent measures, for example, percent-
age poverty,1 per capita or mean income,2 and
median income.3 4 However, as the distribution
of income in a population is always positively
skewed (that is, a long thin tail for the few with
high incomes), the median income and per-
centage poverty are necessarily correlated with
any measure of income inequality. For exam-
ple, for a given total income of $1 billion in
population of 100 000 people, the average
income is the same ($10 000) regardless of
how that income is distributed. Assume the
distribution of income is log-normal (that is,
the proportion of people at each income level
(y axis) has a normal distribution plotted
against the log of that income (x axis)). Figure
1 plots the cumulative proportion of the popu-
lation with up to the given income on the x axis,
for three scenarios: low income inequality (SD
log income = 0.4); medium income inequality
(SD 0.6) and high income inequality (SD 0.8).
As the total income is fixed (and hence the
average income is fixed), the median income
must diVer under each scenario and is given by
the intercept of each curve with the gridline for
the 0.5 cumulative proportion: $8777, $7942,
and $6904 for the low, medium, and high
income inequality scenarios, respectively. Note
that as the income inequality increases, the
median income decreases—a necessary associ-
ation for any positively skewed shape of the
income distribution. Thus, median income
(and likewise percentage poverty) reflects both

the total income and the income distribution—
however, mean income reflects only the total
income. If in analyses of the association of
income inequality we wish to control for aver-
age wealth as a possible contextual confounder,
it would therefore appear preferable to use
mean income rather than median income or
percentage poverty.

In this paper, we empirically test for a diVer-
ence between using mean and median house-
hold income to control the association of
income inequality at the metropolitan area
(MA) in the US.

Methods
Mean and median household income for MAs
were taken from the 1990 census for 232 MAs
that were identified in the 1996 and 1998
March Current Population Surveys (CPS;
administrative boundaries the same on each
dataset). Gini coeYcients (measure of income
inequality) were calculated for these MAs using
the 1990 census data with the income distribu-
tion software developed by Ed Welniak (1988,
US Census Bureau). Pearson correlations were
conducted among the three MA level variables
(mean income, median income, and Gini). The
association of income inequality with fair/poor
self rated health was determined using a multi-
level analysis with Proc Glimmix in SAS . The
individual level data were the 185 479 re-
spondents to the CPS in 1996 and 1998 (com-
bined), with categorical variables created for
age, race, sex, household income, and fair/poor
self rated health.

Results
Across the 232 MAs the mean Gini coeYcient
was 0.417 (SD 0.025), and using the mean and
mean (SD) as cut oV points, 34, 71, 95, and 32
MAs were assigned to high, medium-high,
medium-low and low categories of income
inequality. The mean and median household
incomes for the 232 MAs were themselves dis-
tributed with means of $37 713 (SD $7890)
and $30 317 (SD $6207), respectively. One
MA (Stamford CT) was an obvious outlier
with a median and mean household income 8%
and 50%, respectively, greater than the next
wealthiest MA, and the 10th highest Gini.
Correlation coeYcients excluding Stamford
are reported first followed by those including
Stamford—all are highly statistically significant
(p<0.0001).

The mean and median household incomes
were highly correlated, r=0.97 and 0.95. Yet,
the correlation coeYcient of the median
household income with Gini (r = −0.59 and

Figure 1 The cumulative proportion of total income by actual income when the average
income is fixed at $10 000 and distributed log-normally, but the standard deviation of the
log-normal distribution varies (that is, income inequality varies).
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−0.52) were substantially greater than that of
the mean household income with Gini (r =
−0.41 and −0.29). In multi-level analyses
including Stamford (excluding Stamford made
no substantive diVerence) there was a small
association of income inequality with fair/poor
self rated health when controlling for MA level
mean household income (odds ratio 1.09 for
high compared with low income inequality
MAs, 95% confidence intervals 0.94, 1.25; see
table 1). Controlling for MA level median
household income the income inequality as-
sociation was further reduced to the null (odds
ratio 1.02 (0.88, 1.20)).

Discussion
While it is debatable whether income inequality
at the MA level is associated with self rated
health at all (a more comprehensive paper is
being published elsewhere5), the point we wish
to make here is that the specification of
“average” income seems to aVect the size of the
income inequality association with self rated
health. Thus, not only is there a theoretical pref-
erence for using mean rather than median
income, but using median household income
seems to “over-control” the association of
income inequality compared with using mean
household income. The fact that the estimated
income inequality eVect size is small controlling
for either mean or median income (with both
confidence intervals overlapping 1.0) does not,
we believe, invalidate our conclusion. Firstly, just
as the decision to include confounders in a
model should not be based on statistical tests,
but rather the impact on the point estimate of

the eVect measure, it is likewise inappropriate to
use statistical criteria to “test” for a diVerence
between mean and median income. Moreover,
both the mean and median variables are derived
from the same underlying income data, and thus
varying impacts of the income inequality eVect
measure are not the result of sampling error.
Secondly, we choose to present results control-
ling for individual level income—models that
exclude individual level income have higher
odds ratios for income inequality (confidence
intervals excluding 1.0), and there was a similar
relative change in the point estimate between
controlling for mean versus median income.
Accordingly, we recommend that researchers
use mean income in future analyses.
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Table 1 Odds ratios of fair/poor health by MA level income inequality, mean and median household income, for CPS
sample with MA Gini assigned (n=185 479)*

Gini only Gini and mean income Gini and median income

Income inequality (MAs)
High (n=34) 1.20 (1.04, 1.38) 1.09 (0.94, 1.25) 1.02 (0.88, 1.20)
Medium-high (n=71) 1.07 (0.95, 1.21) 1.00 (0.88, 1.12) 0.97 (0.85, 1.10)
Medium-low (n=95) 1.02 (0.91, 1.15) 0.97 (0.87, 1.09) 0.96 (0.85, 1.08)
Low† (n=32) 1.00 1.00 1.00
Log of mean/median household income 0.65 (0.53, 0.80) 0.65 (0.52, 0.80)

*The odds ratios are from logistic regression models for fair/poor self rated health that included the variables in each column, and
individual level sex, age, race and equivalised household income. A random intercept was specified at the MA level in each model.
Analyses were weighted using the CPS “final weight”. †Reference category.
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